Outcomes in cases of lumbar degenerative spondylolisthesis more than 5 years after treatment with minimally invasive decompression: examination of pre-and postoperative slippage, intervertebral disc changes, and clinical results gen mori, md, Yasuo mikami, md, phd, Yuji arai, md, phd, takumi ikeda, md, phd, masateru Nagae, md, phd, hitoshi tonomura, md, phd, ryota takatori, md, phd, Koshiro Sawada, md, phd, hiroyoshi Fujiwara, md, phd, and toshikazu Kubo, md, phd Department of Orthopaedics, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto, Japan obJect There are reports that fusion is the standard treatment of choice for cases of lumbar degenerative spondylolisthesis (LDS) associated with lumbar spinal canal stenosis with a large degree of slippage. The reasons why, however, have not been clarified. On the other hand, it is known that the progress of slippage decreases and restabilization occurs over the natural course of LDS. Therefore, if minimally invasive decompression could be performed, there would be little possibility of it influencing the natural course of LDS, so it would not be necessary to include preoperative percentage slip in the criteria for the selection of fusion. This study examined the course of LDS cases more than 5 years after treatment with minimally invasive decompression to determine whether pre- and postoperative slippage and disc changes influence the clinical results. methodS A total of 51 intervertebral segments in 51 cases with the chief complaint of radicular or cauda equina symptoms due to lumbar spinal canal stenosis were examined after prospective treatment with minimally invasive decompression for LDS. The mean age of the patients at the time of surgery was 66.7 years and the mean follow-up period was 7 years 4 months. Minimally invasive decompression was performed regardless of the degree of low-back pain or percentage slip. The outcome variables were clinical results and changes in imaging findings. reSultS Over the follow-up period, postoperative percentage slip increased and disc height decreased, but the Japanese Orthopaedic Association score improved. Regardless of the preoperative percentage slip, disc height, or degree of intervertebral disc degeneration or segmental instability, the clinical results were favorable. In the high preoperative percentage slip group, low disc height group, and progressive disc degeneration group, there was little postoperative progress of slippage. In the group with a postoperative slippage increase of more than 5%, slippage increased significantly at postoperative year 2, but no significant difference was observed at the final follow-up. coNcluSioNS When minimally invasive decompression was performed to treat LDS, the postoperative change in slippage was no different from that during the natural course. Furthermore, regardless of the degree of preoperative slippage or intervertebral disc degeneration, the clinical results were favorable. Also, the higher the preoperative percentage slip and the more that disc degeneration progressed, the more the progress of postoperative slippage decreased. Because the postoperative progress of slippage decreased, it is believed that even after minimally invasive decompression, restabilization occurs as it would during the natural course. If minimally invasive decompression can be performed to treat LDS, it is believed that preoperative percentage slip and intervertebral disc degeneration do not have to be included in the appropriateness criteria for fusion.
D
ecompression alone, or decompression with fusion, are considered to be the treatments of choice for lumbar degenerative spondylolisthesis (LDS) associated with lumbar spinal canal stenosis. However, there is currently no consensus on the criteria for selecting these two procedures. 9, 20 It has been reported that for cases with a large degree of slippage, the standard procedure is fusion, 6 but the evidence for this has not been clarified. On the other hand, the progress of slippage decreases during the natural course of LDS, and restabilization occurs. In light of this, it is believed that if minimally invasive decompression is performed, which has little influence on segmental instability and little possibility of influencing the natural course of LDS, there is no need to include the preoperative degree of slippage in the criteria for selecting fusion. Beginning in 2003, LDS cases at our hospital with the chief complaint of radicular or cauda equina symptoms due to lumbar spinal canal stenosis have been treated with decompression using the METRx lumbar endoscopic system (Medtronic Sofamor Danek) regardless of the degree of low-back pain or percentage slip. Because this procedure is minimally invasive and has little impact on facet joints or surrounding soft tissue, even if there is a large degree of preoperative slippage or disc degeneration, it is possible that postoperative restabilization will occur without changing the natural course of LDS. Taking the above into consideration, in this study minimally invasive decompression alone was performed prospectively for LDS cases and the clinical results and postoperative changes in imaging findings were examined to determine the influence of preoperative and postoperative slippage and disc changes on postoperative course.
methods patient Selection
The patients were 63 consecutive cases of LDS with the chief complaint of radicular or cauda equina symptoms due to lumbar spinal canal stenosis that did not respond to conservative treatment. Patients were surgically treated by minimally invasive decompression. The procedure was performed regardless of the degree of low-back pain, percentage slip, or stenosis type. Fifty-three patients were examined more than 5 years after surgery. Two cases with slippage at 2 disc levels or more were excluded. Thus, a total of 51 patients were included in this study. The mean age of the patients at the time of surgery was 66.7 years (range 46-85 years) and the mean follow-up duration was 7 years 4 months (range 5 years to 10 years 2 months). All patients had single-level DLS and the mean percentage slip was 15.3% (range 5.4%-28.8%). The Meyerding Grading System classification was Grade I for 47 disc levels and Grade II for 4 disc levels. The demographic characteristics of patients are shown in Table 1 . As in a previous study, 8 the degree of stenosis was evaluated at 4 levels using axial MR images. Nearly all cases had moderate or greater stenosis: 0 were normal, 2 were mild, 6 were moderate, and 26 were severe. In this study, all cases had central and/or lateral stenosis with no associated foraminal stenosis observed. This study was conducted with the approval of the ethics committee of the Kyoto Prefectural University of Medicine.
operative method
Microendoscopic decompression using a METRx lumbar endoscopic system (Medtronic Sofamor Danek) was performed according to the method reported by Weiner et al. 21 Initially, when microendoscopic posterior decompression was performed, a paraspinal approach was used for microendoscopic laminotomy. 16, 21, 22 From October 2004, treatment was changed to an improved method developed at our department using a midline approach 14 providing a bilateral symmetrical field of view. As a result, 11 cases were treated with a paraspinal approach and 40 with a midline approach.
Paraspinal Approach
In the paraspinal approach, serial dilators are passed to dilate the lumbar paraspinal muscles and to retract the lumbodorsal fascia via a 20-mm midline incision. A 16-mm tubular retractor is then passed over the dilators and the endoscope is attached to the tubular retractor. The inferior edge of the lamina and the medial edge of the facet joint are identified, and a laminotomy plus facetectomy are performed using an air drill and Kerrison rongeur. The anterior portion of the lamina on the contralateral side is then removed. The dura mater and the nerve root are exposed after resection of the ligamentum flavum. 16, 21, 22 Midline Approach
In the midline approach, a 20-mm incision is made in the skin in the midline. The spinous process on the cranial side is partially excised, and incisions along the ligament fiber are made in the midline of the supraspinous and interspinous ligaments to expose the ligamentum flavum. After the lamina and the inferior parts of the bilateral facet joints are adequately excised, a 16-mm tubular retractor is inserted and an endoscope is attached. The cranial third of the lower adjacent lamina is then removed to free the caudal margin of the ligamentum flavum. After partial laminotomy of the caudal half of the upper adjacent lamina, a domelike expansion is performed by removing the inner laminar plate to free the cranial margin of the ligamentum flavum. The bilateral facet joint is then undercut to expose the lateral margin of the ligamentum flavum, exposing the bilateral nerve roots.
14 outcome variables Clinical results were determined using Japanese Orthopaedic Association (JOA) Assessment of Treatment for Low Back Pain scores (29-point scale) 5, 14 and their improvement rate was examined. The number of reoperated cases and their causes were also examined. The percentage slip before surgery and at the final follow-up was determined by evaluating the degree of slippage observed on lateral lumbar radiographs, and the disc height index (DHI) was determined by evaluating disc height. The percentage slip was calculated as the amount of slippage divided by the anteroposterior width of the lower vertebra. DHI was calculated as the sum of the anterior, central, and posterior disc heights divided by the anteroposterior width of the lower vertebral body (Fig. 1) . Depending on the degree of preoperative slippage, patients were classified into the 4 groups of low (< 10%), mild (10%-15%), moderate (15%-20%), and severe (> 20%) slippage. Preoperative percentage slip was compared with preoperative DHI, the postoperative degree of progression of slippage (the value calculated by subtracting the preoperative percentage slip from the percentage slip at the final follow-up examination), and the JOA score improvement rate. Depending on the preoperative DHI, patients were classified into the 3 groups of high (> 0.6), moderate (0.4-0.6), and low DHI (< 0.4). Preoperative DHI was compared with the postoperative degree of slippage progression and JOA score improvement rate. Depending on the postoperative increase in percentage slip, patients were classified into 2 groups (< 5% increase and > 5% increase), and the relationship to JOA scores was examined. For patients in the group with a postoperative percentage slip increase of > 5%, the percentage slip was evaluated chronologically.
To determine segmental dynamic instability, lateral lumbar radiographs were used to measure pre-and postoperative segmental range of motion, kyphotic angle during forward flexion, and sagittal translation. Instability was defined as a segmental range of motion of ≥ 10°, kyphotic angle during forward flexion of ≥ 10°, or sagittal translation of ≥ 5 mm. The relationship between the presence or absence of pre-and postoperative instability and JOA score was examined.
Signal intensity changes in MR images of vertebral endplates and discs were evaluated using the Modic classification (normal, Type I, Type II, and Type III) 16 and Schneiderman's classification 19 (normal, intermediate, marked, and absent), respectively (Fig. 2) . The relationship between these classifications and the degree of progress of postoperative slippage and JOA score improvement rate was examined.
Statistical analysis
The multiple comparison test and paired t-test were used for statistical analysis.
results
The JOA score improved significantly from a mean preoperative score of 14.3 to a mean postoperative score of 23.6 points (p < 0.01). There were 7 reoperated cases (13.7%): 2 with stenosis and hernia at another level (reoperation at 20 and 61 months, respectively), 2 with restenosis (reoperation at 45 and 94 months, respectively), and 3 with progressive degenerative scoliosis (reoperation at 22, 25, and 84 months, respectively). Additional surgery was performed with fusion for 2 of them. None of these 7 cases had a preoperative percentage slip of more than 20%.
The mean percentage slip increased significantly from 14.6% preoperatively to 17.5% postoperatively (p < 0.01), and DHI decreased significantly from 0.54 preoperatively to 0.44 postoperatively (p < 0.01). Preoperative percentage slip was classified as low slippage at 11 disc levels, mild slippage at 19 disc levels, moderate slippage at 10 disc levels, and severe slippage at 10 disc levels. Postoperative percentage slip was classified as low slippage at 6 disc levels, mild slippage at 12 disc levels, moderate slippage at 14 disc levels, and severe slippage at 18 disc levels, which showed that slippage had progressed compared with preoperative values. Preoperative DHI was classified as high disc height at 19 disc levels, moderate disc height at 19 disc levels, and low disc height at 11 disc levels. Postoperative DHI was classified as high disc height at 10 disc levels, moderate disc height at 19 disc levels, and low disc height at 20 disc levels, showing a decrease compared with preoperative values.
It was observed that the higher the preoperative percentage slip, the lower the preoperative DHI (Fig. 3) . Furthermore, the postoperative progress of slippage was less in cases with a higher preoperative percentage slip (Fig. 4  left) . No significant difference was observed in JOA score improvement rates by preoperative percentage slip (Fig. 4  right) . Postoperative slippage progressed less in the group with low preoperative DHI compared with the group with high DHI (Fig. 5 left) . No significant difference was observed in JOA score improvement rates by preoperative DHI (Fig. 5 right) . There were 16 cases (32.7%) with a postoperative percentage slip increase of > 5% and 33 cases (67.3%) with a postoperative percentage slip increase < 5%. The JOA score improvement rate was significantly higher (p = 0.03) in the group with a postoperative percentage slip increase > 5% compared with the group with a postoperative percentage slip increase < 5% (Fig. 6) . The percentage slip in the group with a postoperative percentage slip increase of > 5% increased significantly from the preoperative value of 13.6% to the postoperative year 2 value of 19.9%, but no significant difference was observed at the final follow-up (Fig. 7) . The severity of stenosis had no influence on JOA score improvement rates and postoperative slippage progression.
The mean JOA improvement rate for the 6 cases with preoperative segmental instability was 57.3%. In 5 of these cases, instability disappeared after surgery. The mean JOA score improvement rate for the 7 cases with postoperative segmental instability was 58.7%. In 6 of these cases there was no preoperative instability. No significant difference was observed between pre-and postoperative segmental instability and mean JOA score improvement rate.
Preoperative Modic classifications were normal at 30, Type I at 3, Type II at 2, and Type III at 2 disc levels, with normal being the most common classification. However, the postoperative classifications were normal at 19, Type I at 5, Type II at 9, and Type III at 9 disc levels, with fewer disc levels classified as normal and an increase in those classified as Type II or Type III. No relationship was observed between the degree of vertebral endplate degeneration and the degree of postoperative slippage or JOA score improvement rate. Preoperative Schneiderman's classifications were intermediate at 7, marked at 22, and absent at 8 disc levels, with no normal cases observed. The postoperative classifications were intermediate at 2, marked at 17, and absent at 18 disc levels, showing an increase in the number of disc levels classified as absent. In the group with preoperative progressing disc degeneration, there was little postoperative increase of slippage and no significant difference was observed between JOA score improvement rates (Fig. 8) . 
illustrative case
A 73-year-old man underwent microendoscopic decompression via a midline approach for LDS at L5-S1. Preoperative percentage slip, DHI, and JOA score were 24.6%, 0.33, and 15, respectively. The percentage slip, DHI, and JOA score at the final follow-up (7 years and 0 months postoperatively) were 26.2%, 0.30, and 26, respectively. There was a high degree of preoperative slippage, but it had not progressed at the final follow-up, and the JOA score improvement rate was 78.6% (Fig. 9 ).
discussion
The surgical treatments for LDS are considered to be decompression alone or decompression with fusion, but there are wide-ranging opinions concerning which procedure to select. 3, 9, 20 There have been reports that segmental instability in LDS is related to the cause and progress of slippage. 1, 4, 7 For this reason, because conventional procedures for decompression involving surgical invasion of facet joints and surrounding soft tissue could increase instability and exacerbate clinical symptoms, decompression combined with fusion is recommended. Based on randomized controlled trials, Martin et al. 10 recommend fusion using instrumentation while Resnick et al. 18 recommend fusion as a guideline. It has also been reported, however, that there is no clear relationship between segmental instability and clinical symptoms. 12, 13 Furthermore, in recent years, noninvasive procedures have been developed and introduced that enable decompression with minimal influence on segmental stability.
14,17 Matsudaira et al., 11 Försth et al., 2 and Minamide et al. 15 have reported obtaining favorable results with decompression alone. We have also performed microendoscopic decompression for all cases of LDS with the chief complaint of radicular or cauda equina symptoms due to lumbar spinal canal stenosis, regardless of the presence or absence of low-back pain, the degree of slippage, instability, or stenosis type, and obtained favorable clinical results. The invasiveness to the facet joint using our method was believed to be responsible for these good results. This method has been useful for treating LDS.
Matsunaga et al. 13 examined the natural course of degenerative spondylolisthesis and reported that at follow-up after more than 5 years and after more than 10 years, the percentage slip had increased by more than 5% in 30% (12 of 40) and 34% (49 of 145) 12 of cases, respectively. In our study, at follow-up after more than 5 years (mean 7 years 4 months), the percentage slip had increased by more than 5% in 30% of cases. Consequently, it is believed that microendoscopic decompression does not change the natural course of LDS. In addition, although there was a significant increase in the mean percentage slip from 14.9% preoperatively to 16.9% postoperatively, the postoperative JOA score showed a significant improvement compared with the preoperative score, and the clinical results were favorable. With the microendoscopic decompression procedure we used, because posterior decompression improved neurological symptoms, minimized invasive surgery involving paravertebral muscle, and enabled preservation of facet joints and posterior supporting tissue, it was believed that it had minimal influence on the natural course of slippage. It was also believed that there was no clear relationship between the progress of postoperative slippage and clinical results.
A 10-year follow-up study of LDS by Matsunaga et al. examined the results obtained with conservative treatment. Disc height decreased in 85 of 94 cases, but because there was remission of low-back pain during the course, 12 it is possible that as lumbar degeneration progresses, restabilization occurs between vertebral bodies, 6 thereby improving low-back pain. In our study, in the group with a high preoperative percentage slip, low disc height, and progressing disc degeneration, postoperative progression of slippage was minimal and clinical results were favorable regardless of preoperative slippage, disc degeneration, or the postoperative degree of progression of slippage. In addition, in the group with a postoperative slippage increase of > 5%, even though there was a significant increase in the percentage slip at postoperative year 2, thereafter and up to the final follow-up there was no change. These results point to the possibility that if minimally invasive decompression is used, the progress of postoperative slippage is reduced and restabilization occurs in the same way as during the natural course of LDS. In this study, compared outcomes after minimally invasive decompression for ldS with the group with postoperative percentage slip progressing by < 5%, the clinical results were more favorable in the group with postoperative percentage slip progressing by ≥ 5%. It was believed that this could have been due to the large number of cases with segmental stability in the group with high progression of percentage slip. Taking the above into consideration, it is believed that if minimally invasive decompression is performed, there is no need to include preoperative percentage slip and preoperative disc degeneration in the appropriateness criteria for fusion.
The use of minimally invasive decompression has its limitations, however, and it cannot be used for all cases of LDS. In this study there were 7 cases that underwent reoperation, 2 of which required fusion, but there were no cases of reoperation due to slippage progression. Also, there were no cases requiring reoperation due to the progression of postoperative instability. Of the 2 cases that required fusion, 1 case had associated degenerative lumbar scoliosis and the other had foraminal stenosis due to progressive scoliosis. For cases of LDS with associated degenerative scoliosis, it is necessary to examine whether minimally invasive decompression should be combined with fusion.
There were two limitations in this study. First, two surgical approaches for microendoscopic laminotomy were used in the study population and the difference between a paraspinal approach and a midline approach could have influenced the results. Second, this was an uncontrolled study so no comparison could be made between the therapeutic effect of this method and conservative treatment and/or conventional laminectomy, which would represent a relevant control group.
conclusions
Favorable clinical results were obtained using minimally invasive decompression to treat LDS regardless of the degree of preoperative slippage or intervertebral disc degeneration. Even in cases with a high preoperative percentage slip and advanced disc degeneration, because slippage had ceased to progress at postoperative year 2, it was believed that restabilization had occurred as it does during the natural course of LDS. If it is possible to perform minimally invasive decompression to treat LDS, it is believed that it is not necessary to include preoperative percentage slip and intervertebral disc degeneration in the appropriateness criteria for fusion. 
